Background: Increases in levels of matrix metalloproteinase (MMP) and tissue inhibitor of matrix metalloproteinase (TIMP) occur in acute aortic dissection (AAD); however, their association with prognosis in AAD remains largely unknown. We studied the use of MMP and TIMP in predicting long-term outcomes in medically controlled AAD patients.
INTRODUCTION
Acute aortic dissection (AAD) is a life-threatening condition, and is a leading cause of mortality [1] that arises from an atherosclerotic lesion in the aorta. Current outcomes of medical therapy for Stanford type B patients with AAD remain high, with early mortality ranging from 10 to 12% [2, 3] . Medical management for AAD, particularly for Stanford type B and type A intramural hematoma, poses a difficult problem in deciding on surgery, and when the procedure should be performed [4] [5] [6] . The decision should balance the surgical risk and the hazard of aortic rupture in elective cases of Stanford type B, type A intramural hematoma, and also in the elderly [4] [5] [6] [7] . Close long-term monitoring of morphologic parameters including maximum aortic diameter and the configuration of dissection by computed tomography (CT) is helpful for both prevention of aortic rupture, and for undertaking timely surgical or endovascular interventions [8] . However, only the relative and not the individual rupture risk, can be determined [9] . Hence, a better understanding is sought for the factors relevant to the progressive need for surgical intervention and rupture of AAD during conservative medical therapy. Such identifying factors may, in turn, lead to better selection of AAD patients with higher risk of rupture requiring conversion to surgical therapy.
Degenerative and dissecting aneurysms of the aorta develop as a result of progressive weakening of the aortic wall. Some current studies have demonstrated that metalloproteinases (MMP) and tissue inhibitor of metalloproteinase (TIMP) are related to tissue destruction and repair [10, 11] , and increased levels of MMP and TIMP have been observed in AAD patients [12] . However, the presence or absence of an association between levels of MMP, TIMP and the prognosis in AAD remains largely unknown.
This study aims to explore the clinical utility of MMPs and TIMPs for the prediction of long-term outcomes in medically treated patients with AAD.
MATERIALS AND METHODS

Patient Population and Study Protocol
A retrospective study was conducted in which unfavorable and favorable outcomes in AAD patients were compared. There were 101 patients with AAD who had emergency admissions to our hospital between September, 2003 and May, 2009. Of this number 11 patients died and 8 patients underwent surgical repair during the acute phase of hospitalization. The remaining 82 patients (56 males and 26 females, aged 65.1 ± 13.3) were enrolled in this study.
All patients were initially treated medically, consisting of those with Stanford type B (n = 67), as well as those with Stanford type A (n = 15) in whom surgery was felt to be contraindicated due to intramural hematoma, severe comorbidity, or advanced age. All patients were examined initially by chest x-ray, laboratory tests for D-dimer, electrocardiograms, and echocardiography followed by contrast medium-enhanced CT. Aortic dissection was defined as a separation of the aortic wall layers, with resulting true and false lumens, or as intramural hematoma determined by enhanced chest CT [7] . Individuals with chronic renal disease (serum creatinine level >2.0 mg/dl), Marfan syndrome, Ehlers-Danlos syndrome, traumatic aneurysm, bicuspid aortic valve, arteritis, pseudoaneurysm, mycotic aneurysm, connective tissue disorder, congenital malformations of the heart or vessels, and patients who had experienced from death or surgical repair of aorta during the initial hospitalization were excluded from the study.
Blood samples were drawn for lipid profiles, glycosylated hemoglobin A 1c , D-dimer, serum MMP-2, serum MMP-9, serum TIMP-1 and serum TIMP-2. D-dimer was measured by latex agglutination. The value of MMP-2, MMP-9, TIMP-1, and TIMP-2 was evaluated using the enzyme-linked immunosorbent assay kit (DAIICHI FINECHEMICAL, JAPAN). We added 50 μL, 50 μL, 10 μL, and 100 μL, respectively of each of the standard recombinant human MMP-2, MMP-9, TIMP-1, and TIMP-2. The supernatant extracted from the sample was also added. Also added was 300 μL of horseradish peroxidase (HRP) labeled anti-MMP-2, -MMP-9, -TIMP-2 to an antihuman antibody-solidified microtiter plate. 150 μL of HRP labeled anti-TIMP-1 was added to an antihuman antibody-solidified microtiter plate. MMP-2, MMP-9, and TIMP-2 were incubated at room temperature for 1h; TIMP-1 for 30 min. The residue was washed 3 times in each case. 300 μL of OPhenylendediamine was added and reacted at room temperature for 30 min for MMP-2 and MMP-9; 100 μL and 15 min for TIMP-1; and 300 μL of 3,3',5,5'-tertamethylbenzidine and 30 min for TIMP-2. Finally, 1M sulfuric acid was added to stop the reaction; the absorbance was measured with a microplate reader (Molecular Devices, Tokyo, Japan) at a wavelength of 492/630 nm, and the concentration was analyzed from the standard curve for MMP-2, MMP-9, and TIMP-1; 450/630 nm for TIMP-2.
The definition of an unfavorable outcome included death due to aortic rupture, and ultimate requirement for surgical repair after discharge of the initial hospitalization. All patients received anti-hypertensive therapy according to the usual standard of care, and were followed up with a physician's examination and enhanced chest CT. The study protocol complied with the Declaration of Helsinki, and was approved by the Committee on the Ethics of Human Research of Gifu Prefectural Tajimi Hospital. Each patient gave written informed consent.
Data Analysis
Data analysis was carried out using the statistical package SPSS version 11.01J for windows (SPSS Japan, Inc., Tokyo, Japan). Continuous variables were expressed as mean ± SD, unless otherwise stated, and were compared using the Mann-Whitney test if data did not show normal distribution. Student's t test was used to compare groups characterized by continuous variables with normal distribution. Categorical variables, expressed as percentages, were compared by the chi-square test or Fisher's exact test. Significant univariate risk factors were followed by application of multivariate analysis using conventional logistic regression. Hazard ratios were calculated using Cox regression analysis. Receiver operating characteristic (ROC) curves were constructed to assess predictive power, with calculation of the area under the curve (AUC). Statistical significance was examined by two-sided tests. Survival curves of patient groups were calculated by the KaplanMeier method and compared with the log rank test. P values < 0.05 were considered significant.
RESULTS
The mean observation period was 18.8 ± 15.1 months. During the initial hospitalization life-threatening events such as stroke (n = 1), cardiac tamponade (n = 7), pleural effusion (n = 21), shock (n = 3), acute renal failure (n = 13), mesenteric ischemia (n = 5), and limb ischemia (n = 6) were observed as complications accompanying AAD. Some of these life-threatening events were associated with further complications, and ultimately contributed to the outcome of late stage death (n = 7) or surgical repair (n = 10) among the 17 patients classified into the unfavorable AAD group. The remaining 65 patients were classified into the favorable AAD group. Table 1 shows baseline characteristics of the study subjects. Stanford type A, presence of hypotension and shock, and presence of aortic valve regurgitation were all significantly more common in the unfavorable than in the favorable AAD group. No adverse events related to medication occurred during the hospitalization. Table 2 shows data from CT and levels of measured biomarkers in the two groups. Maximum dissection diameter, and mean values of serum MMP-2 and serum TIMP-1 were significantly greater in the unfavorable than in the favorable AAD group, and values of serum TIMP-2 were significantly lower. And Table 2 demonstrated that MMP-2/TIMP-2 ratio and TIMP-1/TIMP-2 ratio were significantly difference in the two group (P = 0.003 and P < 0.001, respectively). Table 3 presents data for multivariate predictors of baseline characteristics, data from chest CT, and laboratory tests in patients with AAD. In multivariate analysis using a conventional logistic regression model, maximum dissection diameter and mean value of serum TIMP-1 were independently and positively associated with death or surgical repair (P = 0.008, odds ratio, 1.18, 95% confidence interval 1.04-1.33; P = 0.008, odds ratio 1.02, 95% confidence interval 1.01-1.04, respectively), whereas serum TIMP-2 was negatively associated (P = 0.038, odds ratio 0.95, 95% confidence interval 0.91-1.00). Additionally, the ratio between MMPs and TIMPs was calculated. The ratio for TIMP-1/TIMP-2 and MMP-2/TIMP-2 in the unfavorable AAD group was significantly higher than in the favorable AAD group (P = 0.008, odds ratio 2.00, 95% confidence interval 1.20-3.33; P = 0.011, odds ratio 1.26, 95% confidence interval 1.06-1.15, respectively). Analysis of the AUC assessed the predictive accuracy of maximum dissection diameter, TIMP-1/TIMP-2 ratio and MMP-2/TIMP-2 ratio for long-term outcomes of AAD (Fig. 1) . The AUC for maximum dissection diameter was 0.842 ± 0.052 (mean ± standard error of mean), and the AUC for TIMP-1/TIMP-2 ratio was 0.833 ± 0.056, both approximately the same in magnitude. Meanwhile, the AUC for MMP-2/TIMP-2 ratio was 0.733 ± 0.074. The AUC for MMP-2/TIMP-2 ratio was smaller than the AUC for TIMP-1/TIMP-2 ratio. For the prediction of an unfavorable outcome the optimal cut-off level of maximum dissection diameter determined from the ROC curves was 46.8 mm, which had the following predictive powers: sensitivity 88.2%, specificity, 80.0%, positive predictive value 53.6%, negative predictive value 96.3%, accuracy 81.7%, odds ratio 30.0. The optimal cut-off level of the TIMP-1/TIMP-2 ratio determined from the ROC curves was 3.34, which demonstrated the following predictive powers: sensitivity 88.2%, specificity 80.0%, positive predictive value 53.6%, negative predictive value 96.3%, accuracy 81.7%, odds ratio, 30.0. Stratification of patients according to maximum aortic dissection diameter 46.8 mm and TIMP-1/TIMP-2 ratio 3.34 gave additional information on outcomes (Fig. 2) . Patients could can be classified as having low risk (both markers lower than cut-off values), intermediate risk (either marker greater than the cut-off value), or high risk (both markers greater than cut-off values; log rank for trend P < 0.0001). Table 4 shows the results of univariate Cox regression analysis for prediction of death or surgical repair in patients stratified according to a maximum aortic dissection diameter (< or 46.8 mm) in relation to TIMP-1/TIMP-2 ratios (< or 3.34). AAD patients with greater ( 46.8 mm) maximum aortic dissection diameters and a higher ( 3.34) TIMP-1/TIMP-2 ratio had the highest risk for death or surgical repair compared with patients having a smaller (< 46.8 mm) maximum aortic dissection diameter and a lower (< 3.34) TIMP-1/TIMP-2 ratio (P < 0.001, hazard ratio 45.6, 95% confidence interval 5.96-348.42). Fig. (1) . ROC curves -ROC curves of TIMP-1/TIMP-2 ratio and maximum dissection diameter for discriminating AAD patients with favorable outcome (n = 65) vs unfavorable outcome (n = 17). The area under receiver operating characteristic curves for TIMP-1/TIMP-2 ratio was 0.833 and for maximum dissection diameter was 0.842: AAD, acute aortic dissection; ROC, receiver operating characteristics; TIMP, tissue inhibitor of metalloproteinase.
DISCUSSION
The present study had the following results: 1) Mean values of serum MMP-2, serum TIMP-1, and serum TIMP-2 differed significantly in unfavorable vs favorable AAD; 2) Multivariate analysis demonstrated that values of serum TIMP-1 and serum TIMP-2 in the acute phase were independently related to outcomes in AAD; 3) A TIMP-1/TIMP-2 ratio cut-off value > 3.34 provided reliable predictive powers with a sensitivity of 88.2%, specificity of 80.0%, positive predictive value of 53.6%, and negative predictive value of 96.3%; 4) In patients stratified according to maximum aortic dissection diameter, a TIMP-1/TIMP-2 ratio 3.34 provided additional confirmation of a poor outcome in AAD patients who had a maximum aortic dissection diameter in excess of 46.8 mm. Fig. (2) . Kaplan-Meier survival curve -Unadjusted Kaplan-Meier survival curve for time to endpoint including death or surgical repair of aorta in AAD patients stratified by maximum aortic dissection diameter (< or 46.8 mm) and the TIMP-1/TIMP-2 ratio (< or 3.34). AAD, acute aortic dissection; ROC, receiver operating characteristics; TIMP, tissue inhibitor of metalloproteinase.
Dissecting aneurysms of the thoracic aorta develop as a result of progressive weakening of the aortic wall. Inflammation may contribute to degeneration of the aortic wall during the development of aortic dissections. The pathologic features of AAD include degeneration of the medial elastic fibers, thinning of the media, loss of smooth muscle cells, adventitial hypertrophy, and accumulation of lymphocytes and macrophages secreting several kinds of enzymes, particularly MMPs which have been implicated in medial degradation [10, 13, 14] .
MMP-2 and MMP-9 degrade type IV collagen and elastin [15, 16] . The activity of MMPs is regulated by TIMPs. TIMPs comprise a family of four protease inhibitors: TIMP-1, TIMP-2, TIMP-3, and TIMP-4. They are small (~23 kDa), cysteine-rich proteins with a large N-terminal domain and a smaller Cterminal domain [17] . Reportedly, increased MMP-9 and MMP-2 expression in macrophages was observed at the site of the intimal tear in 6 patients with atherosclerosis related dissections [12, 18] . Several clinical studies have shown an increase in MMP-9 levels in the acute and subacute phase of both type A and B aortic dissection [19, 20] . A catabolic action by MMP-9 on elastin proteins may result in weakening of the mechanical properties of the aorta, predisposing it to expansion and/or rupture [21] . MMP-2 also may be involved in the degeneration of aortic tissue [22] . In our study, AAD patients who had either a favorable or unfavorable outcome showed higher levels of MMP-9 than normal (38 ± 15 ng/ml), in accordance with previous studies. Although no significant differences were observed in multivariate analysis, univariate analysis demonstrated an unfavorable outcome in AAD patients with higher level of MMP-2.
In parallel with changes in MMP-2 and MMP-9, multivariate analysis indicated that a higher TIMP-1 level, a lower TIMP-2 level, and a higher TIMP-1/TIMP-2 ratio were significant and independent risk factors for an unfavorable outcome of AAD. The degradation of collagen and elastin caused by MMPs and TIMPs produced by medial smooth muscle cells may lead to medial dissection or an intimal tear [12] . However, it is not clear whether changes in TIMP levels occur exclusively in response to increased expression of MMP-2 and MMP-9 resulting from progressive destruction of the aortic wall. TIMP-1 acts against all members of the collagenase, stromelysin, and gelatinase class of enzymes [23] , and TIMP-2 is known in particular to inhibit MMP-2 [24] .
The increase in proteolytic activity that may be responsible for AAD is not necessarily reflected in TIMP expression [19] . Our findings suggest that TIMP-2 was expressed at a low level and MMP-2 at a high level, compatible with the view that the former change favors matrix degradation. However, the elevation of MMP-2 might also favor expansion or rupture. In addition to the elevation of MMP-2 and MMP-9, there was a significant elevation of TIMP-1 in AAD patients with an unfavorable vs a favorable outcome, suggesting either a causal role for this change, or the possibility that it represents an epiphenomenon related to upregulation of MMP-2 and MMP-9 in association with inflammatory matrix destruction in human aortic aneurysms [21, 25, 26] . The significant difference in TIMP-1 between the favorable and unfavorable outcome groups in our study might be attributable at least in part to the changes observed in MMP activity [27] . In contrast, a study by Manabe et al. reported that MMP-2 and TIMP-2 were significantly lower in aortic samples from patients with acute aortic dissection than in controls [28] . The precise mechanism of imbalance of MMPs and TIMPs and the clinical significance of the observed changes remains to be elucidated.
Mortality in AAD remains high even with successful initial hospitalization and effective medical treatment carried into the chronic phase [2, 3] . The poor prognosis in AAD emphasizes the need for correct and timely decisions about treatment and proper staging of these patients. Besides the well recognized determinants of prognosis in AAD, i.e. aneurysm diameter, female gender, older age, cardiac tamponade, partial thrombosis of false lumen, renal failure, and hypotension/shock [29] , additional factors may be of importance in identifying aortic dissection at high risk of rupture and progression. Our observation that measurement of the TIMP-1/TIMP-2 ratio is directly proportional to outcomes in AAD patients suggests the usefulness of this parameter for risk stratification. TIMP-1 and TIMP-2 may have an important clinical application for discriminating unfavorable vs favorable results in AAD patients.
In our study, maximum dissection diameter was significantly greater by multivariate analysis in patients with an unfavorable vs a favorable outcome, and the measurement had predictive power potential. Patients with AAD were also stratified according to TIMP-1/TIMP-2 ratio and maximum dissection diameter in our study. As a result, we found by Kaplan-Meier analysis that values in excess of 3.34 for the TIMP-1/TIMP-2 ratio and over 46.8 mm for maximum dissection diameter characterized a group that had a significantly reduced survival compared to other groups. This result might have an additional potential as an effective predictor of long-term prognosis in AAD.
Several potential limitations may impact the data analysis of this study, as with other observational studies: (i) As there were no good prior studies reported, sample size could not be estimated accurately; (ii) This was a retrospective study of consecutive patients, and the period over which data was collected was arbitrarily selected; (iii) There are many still undefined mechanisms with regard to the effects of TIMP-1 and TIMP-2 in AAD, and further investigation is required; (iv) The increased levels of the TIMP-1/TIMP-2 ratio in aortic dissection were not compared with histopathological examinations. Although these limitations warrant further investigation, high values of TIMP-1, low values of TIMP-2, and an increase in the TIMP-1/TIMP-2 ratio in the present study may provide an important determinant for vulnerability which may have the potential of providing insights into the progression and rupture of aortic dissection.
CONCLUSIONS
Maximum dissection diameter, high TIMP-1 and low TIMP-2 were significantly associated with an increased risk for death or surgical repair in AAD patients. Stratification of AAD patients based on the TIMP-1/TIMP-2 ratio during the acute phase of AAD may therefore be of importance in predicting long-term outcomes, and facilitate effective management of AAD.
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